Abstract-The perceived rate of movement of sine wave gratings has been measured over a range of contrasts. At temporal frequencies below about 8 Hz a decrease in contrast reduces apparent velocity. At 16 Hz a reduction in contrast increases perceived velocity.
INTRODUCTION
The appearance of moving patterns at contrast threshold has been examined by several investigators. Kulikowski and Tolhurst (1973) have reported that fast-moving gratings of low spatial frequency are seen to flicker at detection threshold whereas slowly moving gratings of high spatial frequency appear to be stationary at detection threshold.
They have suggested that two different sub-systems, movement and pattern channels, detect these two different stimulihence the difference in their appearance at threshold. Although it seems reasonable that at contrast threshold only a single channel is responsible for detecting a stimulus, once above threshold the activity of more than one channel may contribute to the appearance of a stimulus. The present experiments examine the appearance of moving gratings above threshold and demonstrate that the perceived velocity of such stimuli is greatly affected by their contrast.
EXPERIMENT 1: VELOCITY MATCHING GRATINGS OF UNEQUAL CONTRAST
Methods and Results
Moving sine wave gratings were generated on the screens of two oscilloscopes placed side by side. Each screen had dimensions of 6 x 4 deg, separated by 1 deg. Subjects fixated an illuminated point between the two screens and varied the rate of movement of the grating on the right hand screen (the match grating) to match the rate of movement of the grating on the left hand screen (the test grating). Fuller details of the apparatus and methods are given in Thompson (1981) . The match grating was of 0.25 contrast throughout, the velocity and contrast of the test grating were set by the experimenter.
Test grating contrasts of 0.250.178, 0.125, 0.088, 0.063 and 0.045 were used: each of these represents a 0.15 log unit step from its neighbour. Murphy (1978) has shown that gratings moving behind a stationary fixation point produce negligible eye drift which does not vary with the velocity of the grating.
To prevent the subject adapting to the stimuli, the gratings were presented for 2.5 set, in which time he could be expected to make only a very approximate velocity match. Each presentation was followed by 17.5 set during which both screens were maintained at their mean luminance (31.6 cd m-') without any grating present. During successive presentations of the gratings the subject was able to improve the velocity match until he was satisfied that the gratings appeared to be moving at equal velocity. The match grating velocity was then recorded and a new test stimulus presented.
When the test grating contrast was 0.25 the subject's task was simply to match gratings of equal contrast for velocity-these matches were regarded as baseline measures. In all other conditions the contrast of the test grating was less than that of the match grating. The experimental results plot the perceived velocity of the test gratings as a fraction of their perceived velocity when at equal contrast with the match grating. A velocity match of less than 1.0 indicates that the effect of reducing the test grating contrast is to reduce the perceived velocity while a value greater than 1.0 indicates that a reduction in test grating contrast increases its perceived velocity.
In Experiment 1 all gratings were of 2 c/deg spatial frequency. Five different test grating velocities were investigated, which at the six contrast levels given above produced 30 test stimuli. Each stimulus was presented at least four times and all were in random order. The results of this experiment are presented in Fig. 1 . The results are clear. At temporal frequencies below about 8 Hz perceived velocity is reduced as contrast is reduced. At the highest temporal frequency investigated, 16 Hz, there is a marked overestimation of speed as contrast is reduced. Campbell and Maffei
